Supplemental Tables

o 5x 1072  1x1072 1x107* 1x10% 5x107" 5x1078
SUM 50x 1072 1.0x 1072 1.0x107* 9.9x1077 4.9x1077 54x107%
SSU 46x1072 1.0x1072 1.9x107* 42x107% 24x107% 41x1077
Chi-squared 3.6 x 1072 6.7 x 107 5.8 x 107° 54 x 1077 2.6 x 1077 2.4 x 1078
Hom 54x1072 1.1x1072 13x107* 15x107% 7.6x1077 74x107%
MAT(1) 50x 1072 1.0x 1072 1.0x107* 1.0x107% 53x1077 6.0 x 1078
MAT(10) 50x 1072 1.0x 1072 1.0x107* 1.0x107% 51x1077 52x 1078
MAT(30) 50x 1072 1.0x 1072 1.0x10™* 98 x 1077 4.7x 1077 55x 1078
MAT(50) 50x 1072 1.0x 1072 1.0x10™* 97x1077 49x 1077 4.1x 1078
aMAT 47x1072 94x107% 9.9x107° 1.2x107% 6.2x1077 6.7x 1078

Table S1: Type I error rates of different methods with the Volume trait correlation matrix.
We simulated one billion (1 x 10°) replications under the null and estimated Type I error
rates as the proportions of p-values less than significance level «.

a 0.05 0.01 1x107%  1x10°% 5x1077 5x10°°
SUM 50x 1072 1.0x 1072 1.0x107* 1.0x10% 47x1077 42x 1078
SSU 46x1072 1.0x1072 1.9x107* 42x107% 23x10% 3.7x1077
Chi-squared 4.3 x 1072 1.1 x1072 22x107% 1.4x10™® 1.3x10™® 1.1x1073
Hom 78x 1072 28 x 1072 78x 1072 50x107% 47x107% 41x 1073
MAT(1) 50x 1072 1.0x 1072 1.0x107* 9.7x 1077 52x 1077 6.4 x 1078
MAT(10) 50x 1072 1.0x 1072 1.0x107* 9.1x1077 4.0x107" 54x 1078
MAT(30) 50x 1072 1.0x1072 1.0x10™% 98 x 1077 48x 1077 3.5x107®
MAT(50) 50x 1072 1.0x 1072 1.0x107* 9.7x 1077 49x 1077 4.2x 1078
aMAT 47x1072 94x107% 1.0x10™* 1.2x107% 6.1x1077 52x 1078

Table S2: Type I error rates for different methods with the estimated Volume trait correla-
tion matrix R(10~%). We simulated 50 million (5 x 10%) replications with true Volume trait
correlation matrix R under the null and constructed test statistics with R(IO*‘:’). Type 1
error rates were estimated as the proportions of p-values less than significance level a.



a 0.05 0.01 1x107* 1x107% 5x107" 5x107®
SUM 50x 1072 1.0x 1072 1.0x107* 1.0x10% 47x107" 5.8 x 1078
SSU 46x1072 1.0x1072 19x107* 43x10% 25x10% 38x 107"
Chi-squared 6.0 x 1072 22x 1072 6.1 x107® 37x1073 35x107% 29x 1073
Hom 1.3x107" 70x1072 32x1072 22x107%2 21x107%2 1.8x1072
MAT(1) 50x 1072 1.0x 1072 1.0x107* 9.8x 107 5.0x 1077 4.0x 1078
MAT(10) 50x 1072 1.0x 1072 1.0x10™* 9.7x1077 4.8x107" 5.0 x 1078
MAT(30) 50x 1072 1.0x 1072 1.0x107* 1.1x107% 56x107" 6.6 x 1078
MAT(50) 50x 1072 1.0x 1072 99x10° 99x 1077 50x 1077 5.6x 1078
aMAT 47x1072 94x1073 1.0x10* 12x10°% 63x1077 6.4 x 1078

Table S3: Type I error rates for different methods with the estimated Volume trait correla-
tion matrix R(5 x 107%). We simulated 50 million (5 x 10%) replications with true Volume
trait correlation matrix /2 under the null and constructed test statistics with 13?,(5 x 107°).
Type I error rates were estimated as the proportions of p-values less than significance level

Q.

a 0.05 0.01 1x107%  1x10°% 5x1077 5x10°°
SUM 50x 1072 1.0x 1072 1.0x107* 1.0x107%® 53 x 107" 5.6x 107°
SSU 4.6x1072 1.0x1072 1.7x107* 35x107% 20x10% 3.0x 1077
Chi-squared 4.7 x 1072 1.0 x 1072 1.8 x10™* 73 x107® 51x107% 1.9x10°
Hom 57x 1071 45x 1071 25x107" 1.5x 107" 1.4 x 107! 1.1 x 107!
MAT(1) 50x 1072 1.0x 1072 1.0x107* 9.9x 1077 5.0x1077 3.7x 1078
MAT(10) 50x 1072 1.0x 1072 1.0x107* 92x1077 4.7x1077 53x107®
MAT(30) 50x 1072 1.0x1072 1.0x107* 1.0x107% 49x 1077 4.5x107®
MAT(50) 50x 1072 1.0x 1072 1.0x107* 1.0x107% 53x1077 6.0 x 1078
aMAT 47x1072 94x107% 9.8 x107° 1.1x10° 54x1077 5.6x 1078

Table S4: Type I error rates for different methods with the estimated Freesurf trait correla-
tion matrix R(10~?). We simulated 50 million (5 x 10%) replications with true Volume trait
correlation matrix R under the null and constructed test statistics with R(107%). Type I
error rates were estimated as the proportions of p-values less than significance level a.



a 0.05 0.01 1x107* 1x107% 5x107" 5x107®
SUM 50x 1072 1.0x1072 1.0x107* 1.1x10% 52x107" 5.8 x 1078
SSU 46x1072 1.0x107%2 1.7x107* 3.6x10% 21x10% 29x 107"
Chi-squared 6.0 x 1072 1.9x 1072 3.1x10® 1.6x1073 15x107% 1.2x 1073
Hom 5.6 x 1071 45x107" 26x107' 1.6x10"' 1.5x107' 1.2x 107!
MAT(1) 50x 1072 1.0x 1072 1.0x107* 1.0x10% 54x1077 4.7x 1078
MAT(10) 50x 1072 1.0x 1072 99x10® 1.0x10% 50x1077 5.1 x 1078
MAT(30) 50x 1072 1.0x 1072 1.0x10™* 98x 1077 50x 1077 4.3x107®
MAT(50) 50x 1072 1.0x 1072 99x107° 1.1x10% 53x1077 4.7x10°8
aMAT 47x1072 94x1073 9.7x107° 1.1x10% 58x1077 4.7x 1078

Table S5: Type I error rates for different methods with the estimated Freesurf trait corre-
lation matrix R(5x 107%). We simulated 50 million (5 x 10®) replications with true Volume
trait correlation matrix /2 under the null and constructed test statistics with 13?,(5 x 107°).
Type I error rates were estimated as the proportions of p-values less than significance level

Q.

a 0.05 0.01 1x107* 1x10% 5x107" 5x1078
SUM 50x 1072 1.0x 1072 1.0x10™* 9.6x 10" 51x 1077 5.4x 1078
SSU 46x1072 1.0x107%2 1.7x107* 35x107% 20x107% 3.1x1077
Chi-squared 7.3 x 1072 3.0x 1072 9.7x107% 6.1 x10™* 58x10"% 5.0x 1073
Hom 57x 107" 46x 107" 29x107' 1.9x107" 1.8x10°' 1.5x 107!
MAT(1) 50x 1072 1.0x1072 1.0x10™* 99x1077 51x1077 53x 1078
MAT(10) 50x 1072 1.0x 1072 1.0x107* 9.6x 1077 4.7x1077 4.7x107®
MAT(30) 50x 1072 1.0x1072 1.0x10™* 1.0x107% 51x1077 7.0x107%
MAT(50) 50x 1072 1.0x 1072 1.0x10™* 1.0x10% 52x1077 7.2x 1078
aMAT 47%x107%2 94x10% 98x10° 1.1x10% 6.0x107 7.8x 1078

Table S6: Type I error rates for different methods with the estimated Freesurf trait correla-
tion matrix R(10~*). We simulated 50 million (5 x 10%) replications with true Volume trait
correlation matrix R under the null and constructed test statistics with R(10~%). Type I
error rates were estimated as the proportions of p-values less than significance level a.



